INTRODUCTION
Marine geologists have long been interested in the effect of "oceanic gateways" on the ocean circulation [e.g., Berggren and Hollister, 1974; Haq, 1981; Kennett et al., 1985] . Until recently we have only been able to make qualitative conjectures as to their effects. With the advent of large-scale ocean models and supercomputers we are now able to test these proposed scenarios. Geologic data can also provide a test for ocean models, for the conditions are realistic but sometimes radically different from the present. A large amount of marine geologic data can be used For the present application the model was run on a 3.5 ø X 3.5 ø grid, with 11 vertical levels, realistic bottom topography, and a full seasonal cycle. with observed forcing it is necessary to "taper" the model response to the climatologic boundary conditions to ensure smooth adaptation to observations. These "adaptation constants" are 1.5 X 10 -5 rn/s and 40 W/m 2 øK for salinity and temperature, respectively. Given a mixed layer of 50 m, this yields time constants for the mixed layer response to salinity and temperature changes of 40 and 60 days, respectively. Surface freshwater fluxes for our baseline (stationary) experiment were determined by constraining the surface salinity to agree with the observed salinity field of Levitus [1982] . This was accomplished by imposing local changes of the water level in order to match the observed salinity with the actual salt inventory. These freshwater fluxes then modify any changes in surface salinity in other experiments due to altered boundary conditions (e.g., Altered ice cover could also affect the atmospheric circulation, which could conceivably affect atmospheric forcing in the equatorial regions. However, sensitivity experiment with an atmospheric GCM indicate that reduced Arctic ice cover resulted in only minor changes in atmospheric forcing in regions > 1500 km away from the Arctic [Raymo et al., this issue]. This result is consistent with a sensitivity experiment at 18,000 years B.P. [Manabe and Broccoli, 1985] , in which there was a relatively minor "far-field" (i.e., equatorial) effect due to highlatitude changes; the thermal perturbation in high latitudes is radiated away before it can significantly influence low-latitude processes [cf. North, 1984] .
The stipulated size of the central American opening is also another uncertainty. However, we would expect that the sill depth would have to be raised considerably from its prescribed level of 2711 m before exchange would be significantly altered. We base this conjecture on the fact that exchange in surface waters between the North Atlantic and North Pacific is triggered by east-west differences in surface topography. Changes in topography are due primarily to changes in water column density above the thermocline. Thus we would not expect any large differences in model results unless we had a fairly shallow sill. However, horizontal constriction of the The geologic record indicates that the temporal evolution of NADW production is more complicated than the presence-absence case we have addressed. 
